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ABSTRACT 
Urbanization in general and the spread of industrial construction into natural 
areas can seriously reduce animal populations. The effects often reach beyond 
the actual point of impact. In this thesis, I used breeding birds to investigate the 
impacts of the construction of Vuosaari harbour, ship channel and road 
connections on bird populations of nearby area. We monitored bird populations 
in Natura 2000 area and seabird breeding islets during the construction of the 
new Vuosaari harbour (Helsinki, Finland) in 2001–2011. The study area is 
located in Helsinki, northeast of the district of Vuosaari. With more than 10 
million tonnes of yearly cargo traffic, the new Vuosaari Harbour is the third 
largest harbour in Finland (www.finnports.com). The harbour was built less 
than 300 m from Porvarinlahti Bay at Natura 2000 area, and a railroad bridge 
was built to cross Porvarinlahti Bay. 
We compared the bird populations before, during and after construction to 
evaluate whether the changes observed were linked with the construction work 
in the nearby harbour area. Population trends were calculated by using TRIM 
and Mann-Kendall statistics, GLMM and GAMM statistics were also used to 
model the effects of distance to harbour, different island types and subareas, for 
example. 
Our results indicate that in the Österängen agricultural area the number of 
species and territories increased during and after construction, with more 
territories located closer to the road than before the road was constructed. Thus, 
road construction resulted in at least a momentary positive impact on bird 
populations. New grass and bush areas and even large rocky outcrops clearly 
benefited some species such as the threatened northern wheatear. The bird 
populations declined slightly several years later, probably the as a result of 
habitat succession. 
In the forest areas, the population trends of 23 boreal forest bird species 
were significantly positively correlated with population changes in wider areas 
in southern Finland. Although the population trends were slightly weaker in the 
Natura 2000 sites compared with the general situation of southern Finland, this 
difference was not statistically significant.  
In the Natura 2000 wetlands he numbers of species and territories varied 
between years and subareas, but we found no clear impacts of harbour 
construction on bird population trends. The bird population changes in neares 
bay, Porvarinlahti, were not more negative in comparison with those of the two 
other bays. We found that the waterfowl reproduction success was very poor, 
and that the number of small predators may be reason for that. The more 
7 
 
predators were hunted, the less waterfowl nestlings were observed at the same 
year. 
The archipelago seabird study revealed that the population trends of most 
species showed no substantial differences between the monitored islets near the 
construction area and the reference islets. One of the most drastic negative 
effects was observed for the black-headed gull Larus ridibundus, of which a 
legally destroyed colony was buried under the landfills of the harbour 
construction. The trends of ruddy turnstone Arenaria interpres and great black-
backed gull Larus marinus populations were more negative in the monitored 
than in the reference areas. These were the only species with statistically more 
negative trends in monitored islets. 
In the surrounding archipelago, the barnacle goose Branta leucopsis, mew 
gull Larus canus and black-headed gull clearly increased during the study years. 
The European herring gull Larus argentatus decreased distinctly, which was 
probably caused by the removal of individuals from the rubbish dumps around 
Helsinki.  
In conclusion, the numbers of species and territories varied between years 
and subareas, but we found no clear impacts of harbour construction on bird 
population trends. Although the population trends were slightly lower in the 
Natura 2000 sites compared with the general situation of southern Finland, this 
difference was not statistically significant. Our results indicate that despite the 
construction work demolished bird populations at the construction site, the 
impact of the harbour construction work had only limited impact on population 
trends of birds in the Natura 2000 site. Perhaps other more general factors such 
as climate and changes in the non-breeding grounds were likely a more 
important driver of local bird dynamics. 
This monitoring project has shown how difficult it is to estimate possible 
negative impacts caused by a single construction project. Before the project 
started, biologists said that severe negative impacts are possible, and according 
to the so called precautionary principle construction of Vuosaari harbour should 
not be allowed. Monitoring lasted ten years, and we couldn’t see any clear 
significant negative impacts caused by construction. However, reviewers of our 
manuscripts have pointed out that we only have studied one harbour and the 
number of territories of most species was comparatively small, especially the 
number of Birds Directive species. Question remains, are these kinds of long 
lasting monitoring programs really useful, or are they just waste of time and 
money? Have we learned something useful for the future? 
 
Key words: Birds, Impacts, Construction, Wetlands, Population dynamics, 
Conservation, Biodiversity,  Land use changes, Monitoring, Seabirds, Harbour, 
Ship channel,  Ecology, the Gulf of Finland, northern Europe. 
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1 INTRODUCTION 
A new harbour for Helsinki was planned already in the mid-1960s, but it took 
about thirty years before the Vuosaari harbour project was implemented in 
1992, when the city authorities began planning of the area. The EIA 
(Environmental Impact Assessment) procedure of the project was initiated in 
1994. The Helsinki City Council accepted the construction protocol for the 
harbour in 1996 (Heikkonen 2008).  
The planning of the harbour encountered much opposition. During the 
harbour project, many environmental studies were conducted because the 
harbour was located next to a Natura area. Finland joined the European Union 
(EU) in 1995 and diversified environmental legislation with new demands 
developed rapidly. The effects of harbour construction on Natura values were 
investigated using monitoring programmes. Monitoring programmes include 
monitoring of the watershed, fisheries, plant populations, ground and surface 
waters and bird populations (Koskimies 2001, Heikkonen 2008). The objective 
of these programmes was not only to prevent possible significant changes, but 
also to document the information obtained from the project.  
Although the results of monitoring just one harbour construction cannot be 
generalized, the results of the monitoring programmes are higly interesting: 
construction demolished bird populations at the construction site, but were 
there negative impacts on the nearby areas? In this thesis, the Vuosaari harbour 
construction is considered as a case study of human impacts and general 
urbanization. 
1.1 URBANIZATION AND HUMAN IMPACT 
Vuosaari harbour is just one huge construction site, but it can be seen as part of 
the urbanization process. One of the main reasons for the new harbour was the 
fact that the city of Helsinki wanted to build new houses to old harbour areas 
near the city center, apartments for new citizens. This has now happened. 
During the recent decades, the ecological effects of urbanization and other 
human activities on nature have been widely studied (Niemelä 2011, McDonnell 
et al. 2009). Generally, productivity and amount of resources, predation, 
heterogeneity of the abiotic environment, disturbance and climatic variation are 
among factors that influence species richness and population densities in local 
areas (Townsend et al. 2003). The sphere of influence of urbanization and the 
direction and size of the effect on animals may vary, depending on habitat type 
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and the scale of human activities. Some species are also more sensitive than 
others. 
Urbanization can lead to specific behaviour. It has been shown that low-
frequency songs lose their potency in noisy urban conditions, and birds use 
higher voices in urban environment (Slabbekoorn & Peet 2003, Slabbekoorn et 
al. 2012, Halfwerk et al. 2011a), to get their message through the environmental 
noise. The same phenomenon has been observed with frogs living near roads 
(Parris et al. 2009).  
Man-made structures, like roads, electric wires and wind turbines have been 
in the focus of intensive research. The effects of harbour construction have not 
been studied widely. The reason for this is surely the fact that the harbours are 
big infrastructure projects and they are built only occasionally. Many of the 
publications concerning harbours examine the effects of harbours in the water 
ecosystem (Dauvin et al. 2010, Smith et al. 2010). The dredging of the ship 
channels increase sedimentation and that has a strong impact on benthic fauna 
and the chemical composition of water. 
1.2 IMPACTS OF TRAFFIC CONNECTIONS 
Many studies have showed that roads, man-made structures and human 
disturbance may affect bird populations. Such structures include roads, 
windmills, high buildings, lighthouses, electric wires etc. (Avery 1979, Reijnen & 
Foppen 1995b, Forman, R.T.T. & Alexander, L.E. 1998, Forman & Alexander 
1998, Trombulak & Frissell 2000, Coffin 2007, Fahrig & Rytwinski 2009, 
Krijgsveld et al. 2009, Grecian et al. 2010). The ecological effects of roads and 
other infrastructure on animal populations have been analysed worldwide in 
several studies and summary publications (Coffin 2007, Parris & Schneider 
2008, Fahrig & Rytwinski 2009, Benítez-López et al. 2010, Rytwinski & Fahrig 
2013). Commonly mentioned negative factors are noise, disturbance, habitat 
change, collisions with structures or vehicles, environmental pollution etc.  
Trombulak and Frissell (2000) summarized the most important ecological 
effects of road construction as mortality due to road construction, mortality 
caused by collision with the vehicles, modification of animal behaviour, 
alteration of the physical and chemical environment, the spread of exotic 
species, and an increased use of areas by humans Trombulak & Frissell 2000). 
The impact of roads differs between species and taxonomic groups. 
Generally, larger mammal species with lower reproductive rates, and greater 
mobilities, were more susceptible to negative effects of roads (Rytwinski & 
Fahrig 2012). Especially bird species with large territories and active 
movements across roads are in danger compared with other bird species. 
Among vertebrates, especially slow small mammals, amphibians or tortoises 
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which live near roads are in danger (Hoskin & Goosem 2010, McCall et al. 2010, 
Langen et al. 2012, Rytwinski & Fahrig 2012). 
Amphibian densities near roads are generally lower than in the 
surroundings. This can be caused by increased mortality caused by the traffic or 
by the fact that traffic noise disturbs the males' display calls (Hoskin & Goosem 
2010). It has also been noticed that the behaviour of some species will be 
different near the road. Roads form a serious threat to amphibians because the 
mortality of amphibians near busy road sections is high (Bouchard et al. 2009). 
Depending on the species, the effect of the road extends to different distances, 
from few hundred metres to more than kilometre (Eigenbrod et al. 2009). In 
small mammals the impact of roads may be different than in amphibians. 
Species diversity and population densities are nessessarily not lower near the 
roads.  In one study along a desert road, only two species of small mammals out 
of 13 were not observed near the road. Population densities of the rest of the 11 
species were at the same level or even higher in comparison with more distant 
areas (Bissonette & Rosa 2009). This is probably a result of the fact that road 
sides developed into suitable habitats for small mammals. 
 
 
Fig. 1. Examples of different factors causing changes in bird populations.  
11 
 
1.3 SOURCE-SINK POPULATIONS AND ECOLOGICAL 
TRAPS 
Pulliam first described sources and sinks in population regulation (Pulliam 
1988, Pulliam & Danielson 1991), and many authors later showed that 
populations with poor reproduction may remain stable if new individuals arrive 
in the area from source populations (Liu et al. 2011). 
Individuals make choices between suitable breeding places and mortality or 
disturbance rate. A new habitat may attract individuals, but their mortality near 
a road may be higher or their breeding success lower than in more natural 
habitats, as in the pied flycatcher study in Finland (Kuitunen et al. 2003). 
Individuals find themselves in an ecological trap. 
In a study in the Netherlands, the willow warbler Phylloscopus trochilus 
males that did not succeed in breeding near a highway moved more frequently 
and farther away than successful males (Foppen & Reijnen 1994). If there are 
surplus individuals nearby, they can occupy abandoned territories. The roadside 
hedgerows and trees increase the mortality of some passerine bird species 
caused by road, especially during the breeding season (Orłowski 2008). 
Increasing noise reduces bird numbers (Goodwin & Shriver 2010, Reijnen & 
Foppen 1995a). In a study of eight breeding birds in Virginia, the occurrence of 
two species clearly correlated with traffic noise levels. Species were ten times 
less likely to be found in noisy than in quiet plots. The explanation was that 
traffic noise was masking the voice of those species(Goodwin & Shriver 2010). 
In agricultural grasslands in the Netherlands, 7 out of 12 species that could be 
analysed showed reduced densities adjacent to a road (Reijnen et al. 1996). The 
results of many studies have suggested that traffic noise is the main negative 
effect causing the population decrease near roads (Reijnen & Foppen 1994, 
Parris & Schneider 2008), and direct mortality and pollution are considered 
sometimes unimportant (Reijnen & Foppen 1995a). However, in another study 
authors showed that in fact traffic mortality may be the prevailing factor behind 
decreased bird densities (Summers et al. 2011). 
Contrary to previous studies, studies in forested areas in Sweden and Finland 
do not have documented negative effects of roads , or negative effects have been 
overcome by positive effects, such as new roadside habitat or edge effects 
(Kuitunen et al. 1998, Helldin & Seiler 2003). When populations increase, poor-
quality areas may also be occupied, often by young and inexperienced 
individuals. This can prevent the determination of the real effects of 
construction (Paper I). Poor breeding success may have been replaced by 
individuals which come from other areas.  In the Vuosaari project bird 
populations near the harbour road increased, probably because of new roadside 
habitat. The new environment increased bird populations near the road, at least 
for some years. Generally, roadside vegetation has a strong influence on animal 
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species composition and on the width of the road-effect zone (Forman & 
Alexander 1998, Forman & Deblinger 2000, Reijnen et al. 1996).  
1.4 HARBOUR CONSTRUCTION 
In the Finnish context, the construction of the Vuosaari harbour was a big 
construction project (Heikkonen 2008). The total area of the harbour and the 
adjoining area is 200 hectares (0.93% of Helsinki land area), of which 115 
hectares belong to the closed harbour area. Alltogether 90 hectares of sea area 
were filled with sand and rocks. Large amounts of unsuitable ground masses 
were moved from the area. A total of 6 million m3 of clay and mud were dredged 
away and 12 million m3 of corresponding fillings were made. The total length of 
the piers is 3.4 km.  
The lenght of the new ship channel which leads to the harbour is 32 km. Its 
minimum width is 200 m and the secured depth is 12.5 m. The lenght of the new 
road section of Ringroad III leading to the harbour is 2.5 km and there is a 1.5 
km long tunnel which goes under Labbacka forest and Porvarinlahti bay. A new 
railway connection was also built. The total length of the electrified cargo 
railway is 19 km, 14.1 km of which is tunnels. In the Natura area, the track goes 
through the hill of Labbacka forest in the tunnel, and then crosses Porvarinlahti 
along a bridge. 
During the construction work attention was paid to local breeding birds. 
Strong noise and disturbance (building, blastings, dredgings), were not allowed 
near the bird areas during the nesting time. The building of the railway bridge 
over Porvarinlahti bay was also done outside the breeding season. 
A 1.3 km long noise barrier was built on the eastern edge of the harbour to 
reduce the adverse effects of the harbour noise on the nearby Natura area. The 
spreading of muddy water, soil particles and the possible impurities from the 
dredgings were prevented by wearing the so-called silt curtain around the 
harbour water area. 
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Fig. 2. Dredging of mud and clay at harbour site. Fig. 3. A rocky hill before it was removed and 
used as building material. 
Fig. 4. A 1.3 kilometre long wall was built at the 
edge of the harbour to reduce noise and visual 
disturbance at Natura 2000 area. 
Fig. 5. The railway bridge over the Porvarinlahti 
Bay was built during winter time to avoid 
disturbing birds. 
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Fig. 6. Final port area, after the port was opened.  
 
Fig 7. Aerial photo of the area after the Vuosaari Harbour was finished.  
© National land survey of Finland and the City of Helsinki. 
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1.5 ENVIRONMENTAL ASSESSMENT AS A TOOL IN 
PLANNING 
Most of the studies of the impact of human activity on environment have been 
conducted in Europe and North America. Environmental Impact Assessments 
(EIAs) were first formally established in the USA in 1969, and in 1985 the 
European Community directive on EIAs was introduced. The purpose of the EIA 
procedure is to help in decision-making (Glasson et al. 1994, Glasson et al. 
2012). 
The environmental impact assessment (EIA) procedure of the Vuosaari 
harbour construction project was initiated in 1994, when the new environmental 
act came into force. Helsinki City Council accepted the construction protocol for 
the harbour in 1996 (Heikkonen 2008). Most problems during the permit 
process focused on two main issues: 1) What kind of impacts harbour 
construction may cause to birds at the nearby Natura area and how severe those 
impacts are?  2) Should the harbour construction be refused because of the so 
called precautionary principle? ”The precautionary principle enables a rapid 
response in the face of a possible danger to human, animal or plant health, or 
to protect the environment. In particular, where scientific data do not permit a 
complete evaluation of the risk, recourse to this principle may, for example, be 
used to stop distribution or order withdrawal from the market of products 
likely to be hazardous” (European Union 2015). This roughly means that 
because there was not enough scientific data about the possible impacts of the 
harbour construction, the permit should not have been allowed. 
The whole permission process lasted eight years; in 2002 the harbour was 
given a final construction licence by the Supreme Administrative Court. The 
effects of harbour construction on Natura values were investigated, using 
monitoring programmes. One part of the environmental assessment was 
monitoring of the birds, which began in the archipelago in 2001 and in the land 
areas in 2002. Impacts on bird populations were monitored between 2001 and 
2011, according to a monitoring programme made for the project (Koskimies 
2001).  
The advantage of the programme was the fact that it covered different 
environments and the methods of bird counts are all well standardised. Major 
shortcoming of the programme was that not enough effort was out to planning 
the statistical handling of data and what variables should be used. Perhaps a 
little bit more attention should have been paid to more analytical and detailed 
analyses of monitoring data. Could models of population changes be used 
together with environmental variables? These shortcomings can now be seen, of 
course.  
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Allthough this was a small-scaled, question-driven monitoring project and its 
results cannot be easily generalized to other areas, deeper analyses of the main 
impacts and problems could have been useful for similar projects in future. 
Using nationwide monitoring data for comparison is also essential for 
distinguishing local level and nationwide changes (Tiainen 1985, Lindenmayer & 
Likens 2010). Population changes may be synchronous between different 
subpopulations or between different species, as the data of Finnish grouse 
species has shown (Ranta et al. 2006). Synchrony between species or 
subpopulations indicates that there may be a common factor behind population 
changes. It can be climate, or cyclic food like voles as in the case of Finnish owl 
species (Lehikoinen et al. 2011). 
Table 1. A simplified summary of the monitoring programme (Koskimies 2001).There were some 
exceptions, for example the birds around road connections could not be count during construction. 
These exceptions are explained in the articles. 
 Years before 
construction 
Construction years Years after 
construction 
 -3 -2 -1 1 2 3 4 5 +1 +2 +3 
Waterfowl point counts   x x x x x x x x x x 
Territory mapping of 
wetland bird species 
 x x x x x x x x x x 
Territory mapping of land 
bird species 
 x x x x x x x x x x 
Counts of breeding 
seabirds 
x x x x x x x x x x x 
Additional counts of 
directive speciesat 
surrounding areas 
 x x x x x x x x x x 
Counts of migratory birds  x          
 
1.6 BIRD POPULATION CHANGES IN FINLAND DURING 
RECENT DECADES 
Here I will shortly review the most notable changes in Finnish bird populations 
during the recent decades. I will do this in order to give the reader some 
reference points where to compare the results of the Vuosaari monitoring 
program. 
Local population dynamics are not independent of large-scale population 
dynamics in the surrounding areas. In addition, several factors, such as climate 
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and changes in large-scale human land use are also important drivers of the 
population dynamics of birds.  
During the recent decade barnacle goose, Canada goose Branta canadensis 
and great cormorant Phalacrocorax carbo numbers have increased rapidly, 
especially in the western part of the Gulf of Finland (Hario & Rintala 2011). 
Human actions have created new foraging and resting areas, and larger fish 
stocks due to eutrophication. The increase in the barnacle goose population near 
Vuosaari follows the increasing population trend reported around several cities 
along the southern cost of Finland, including Helsinki metropolitan area  
(Väänänen et al. 2010). Key issues behind this rapid increase are suitable 
breeding and foraging habitats (Väänänen et al. 2011). 
In addition, rising temperature has shifted population densities of Finnish 
birds towards north likely due to climate warming, affecting the populations of 
the south Finnish birds (Virkkala & Lehikoinen 2014). Mild winters favour such 
small wintering species as Eurasian treecreeper Certhia familiaris and goldcrest 
Regulus regulus. During very cold winters 80-90% of the individuals may die 
(Väisänen et al. 1998). Southern species derive advantage from rising 
temperatures, whereas northern species suffer. For example, in comparison of 
bird populations at 96 boreal protected areas between the years 1981-1999 and 
2000-2009  norther bird species declined 21% but southern species increased 
29%. At the same time, mean temperature rose 0.7-0.8 °C (Virkkala & 
Rajasärkkä 2011). 
1.6.1 FARMLAND SPECIES 
Many farmland bird species, like European starling Sturnus vulgaris and 
Eurasian curlew Numenius arquata, have declined in Finland during the last 
20-30 years (Järvinen & Väisänen 1978, Solonen et al. 1991, Tiainen et al. 2012, 
Laaksonen & Lehikoinen 2013, Väisänen & Lehikoinen 2013), but some species, 
such as northern lapwing Vanellus vanellus, have increased (Tiainen et al. 2012, 
Väisänen & Lehikoinen 2013).  
The change of breeding and foraging habitats has been suggested to be the 
main reason behind the drastic decline of farmland birds . Change of farmland 
habitats and farming processes are key issues for many species (Solonen 1985, 
Solonen et al. 1991, Tucker & Heath 1994, Väisänen et al. 1998, Tiainen et al. 
2012). In England, highest skylark Alauda arvensis densities are found at farms 
with highest crop diversity (Chamberlain et al. 2000). The cultivation of fields 
has intensified and the ditches and fallow areas have disappeared from the 
fields. Near Vuosaari harbour the barred warbler Sylvia nisoria, the curlew and 
the ortolan bunting Emberiza hortulana have all almost disappeared, but they 
have also disappeared from larger areas in the province of Uusimaa (Solonen et 
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al. 2010). Suitable habitats may be found in only small patches, which are often 
remnants of earlier larger habitat areas. In such conditions, populations may be 
unstable and if the populations are too small they can disappear just by 
accident. Habitat loss can also generate population fluctuations (Hanski 1999, 
Ranta et al. 2006). However, it is also possible to make new habitat for some of 
the farmland species, as a study near the Vuosaari harbour has shown (Solonen 
2007). In our study area, the number of farmland species near the road 
increased, probably due to the new habitat created (Paper I). 
1.6.2 FOREST SPECIES 
Many forest bird species have declined in Finland during the last 20-30 years 
(Laaksonen & Lehikoinen 2013, Väisänen & Lehikoinen 2013, Tiainen et al. 
2012), and habitat change of woodland species is an important issue for example 
in Britain (Fuller et al. 2007). In forests, ground nesting bird species decrease 
because of predation (Mörtberg 2009). The clearance of the undergrowth 
vegetation in urban woodlands decreases the abundance and diversity of birds. 
A reduction in the undergrowth vegetation density increases the visibility of the 
prey and birds in the cleared plots are more vulnerable to predation. Vegetation 
clearance also decreases the number of insects, which are the main food for 
many species during breeding season (Heyman 2010).  
Populations of many long distant migrants have declined compared with 
short distance or partial migrants or resident species (Virkkala & Rajasärkkä 
2011, Laaksonen & Lehikoinen 2013, Väisänen et al. 1998). It has been proven 
earlier that the populations of the willow warbler, which is the second most 
abundant species in southern Finland, have fluctuated and there have been 
several declines in the last 40 years. Population has recovered, and the main 
reasons for these fluctuations have been suggested to be sudden changes in 
wintering conditions in Africa (Väisänen et al. 1998, Laaksonen & Lehikoinen 
2013). 
Some forest species, such as the wood pigeon Columba palumbus, the 
European robin Erithacus rubecula, the blackcap Sylvia atricapilla, the 
Eurasian blackbird, great tit and blue tit have increased in Finland. Populations 
of wider areas may change in synchrony: the population trends of 23 boreal 
forest bird species inhabiting the nearby Natura 2000 area in Vuosaari  and in 
southern Finland were significantly positively correlated (Table II, Paper II). 
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1.6.3 WETLAND SPECIES 
Wetlands are influenced by the structure and habitat changes of nearby areas. It 
has been shown that adjacent land use 250–300 metres from the wetland affects 
plant diversity (Houlahan et al. 2006). This may lead to changes in animal 
populations. Near Vuosaari, the Torpviken bay is the best area for waders (Paper 
III), and there the numbers of the common redshank Tringa totanus and the 
northern lapwing have decreased. The common redshank has decreased slightly 
along the Finnish coast (Hario & Rintala 2014), but the northern lapwing has 
clearly increased in agricultural areas in Finland (Ekroos et al. 2013, Tiainen et 
al. 2012).This may be the result of many different factors, including survival of 
breeding individuals in the coastal wintering of Western Europe. The same 
wader species decreased in Sweden in the Stockholm archipelago (Eklund 
2009), so the changes may reflect population changes in a wider area. 
Among the species which have increased in wetlands near Vuosaari are 
species which prefer more eutrophicated water, such as the common coot Fulica 
atra, the great crested grebe Podiceps cristatus and the tufted duck Aythya 
fuligula (Paper III). On the other hand, all these species decreased in Finnish 
lakes during 1986-2012 (Lehikoinen et al. 2013b), and the coastal population of 
the tufted duck has decreased during the same period (Hario & Rintala 2014). 
However, a study of marsh bird communities in Canada clearly showed that 
there is a human impact and it depends on how generalistic species are. 
Especially isolated wetlands near urban areas had a lower species richness of 
specialized marsh breeding birds than less isolated areas (Smith & Chow-Fraser 
2010). Smith et al. recommend a 1000-metre buffer zone around marshes, 
where urban use of land is not dominant.  
1.6.4 SEA BIRD SPECIES 
In the Gulf of Finland there are about 30-40 species of seabirds (ducks, geese, 
waders, gulls and divers, see Paper IV), which are common breeders or migrants 
along the shores. The most abundant breeding seabird species in the sea area 
are the common eider Somateria mollissima, the black-headed gull, the mew 
gull, the arctic tern Sterna paradisaea and the European herring gull (Hario & 
Rintala 2011).  
The common eider is a well-studied key seabird which breeds along the coast 
of the Gulf of Finland. During recent decades, the population of common eiders 
has decreased. Poor fledging success and the consequent low recruitment 
explain the decreasing trend (Hario & Rintala 2006, Hario et al. 2009a). 
Predators, food availability, female condition and the breeding habitat all have 
an effect on nestling survival. Large gulls and white tailed eagles Haliaeetus 
albicilla commonly prey on eiders and this has led to changes in female behavior 
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and nest site selection (Öst et al. 2008, Öst et al. 2011, Jaatinen et al. 2011, 
Ekroos et al. 2012). 
Another key species in the archipelago is the herring gull. In the early 20th 
century, there were only a few pairs of herring gull breeding in the archipelago 
southwest of Helsinki. At the beginning of the 1980s, the population had 
increased to about 6500 pairs. One explanation for the population expansion 
was the easy availability of manmade food at rubbish dumps. At the same time, 
also the great black-backed gull population increased (Bergman 1982), and 
single breeding pairs still breed in the area. The increase in the European 
herring gull population has caused various problems. The number of individuals 
has increased in rubbish dumps and around the city. Some individuals have 
specialized in hunting common eider ducklings or the chicks of smaller gull 
species. Such behavior is typical for the great black-backed gull (Bergman 1982). 
Together with other problems, predation by the European herring gulls partly 
caused the decline of the lesser black-backed gull Larus fuscus (Hario 1990).  
During 2004-2007, a special project was targeted at reducing the number of 
European herring gulls around Helsinki. In total, about 15 000 European 
herring gulls and 600 greater black-backed gulls were culled at four large open-
plan refuse dumps in the Uusimaa province. The aim of the project was to 
minimize the nuisance effects on humans caused by dense flocks of gull 
individuals in cities and to reduce the predation pressure on the lesser black-
backed gull chicks (Hario et al. 2009b).  
The culling project succeeded fairly well and the European herring gull 
population decreased rapidly after the beginning of the project. This is most 
probably also the reason for the European herring gull population decrease in 
the study area, not the Vuosaari harbour project (Paper IV).  
The populations of the mew gull, the lesser black-backed gull and the black-
headed gull have increased in Vuosaari study area (Paper IV). One reason for 
this may be that after the culling project there were less predatory European 
herring gull and great black-backed gull individuals left.  Larger gulls also 
predate on terns and small waders. Tern populations have been stable. In other 
areas the mew gull and the common tern Sterna hirundo have increased, the 
lesser black-backed gull has decreased (Hario & Rintala 2011, Hario & Rintala 
2008, Hario & Rintala 2014). 
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1.7 OBJECTIVES OF THE THESIS: THE POSSIBLE ROLE 
OF HARBOUR CONSTRUCTION ON CHANGES IN 
BIRD POPULATIONS  
The objective of this thesis is to study local bird population changes and to link 
the observed changes to the construction of Vuosaari harbour or urbanization in 
general, to bird population changes in southern Fnland or to other factors, such 
as predators. 
Although it is evident, that bird populations at the construction site of the 
Vuosaari harbour were destroyed, the estimation of the possible impact on 
nearby Natura 2000 area is not clear. Several transportation connections lead to 
Vuosaari harbour: railway, roads and a ship channel. Their construction may 
have affected bird populations of the area too.  
There is evidence that disturbance due to noise and increased mortality 
caused by traffic may reduce the breeding success of birds (Foppen & Reijnen 
1994, Parris & Schneider 2008, Halfwerk et al. 2011b). In general the impact of 
human disturbance on populations of the nearby areas has been poorly studied 
in northern Europe. In one Finnish study, the nesting success of the pied 
flycatcher Ficedula hypoleuca was lower near roads, probably due to collisions 
with vehicles (Kuitunen et al. 2003). However, in a forest bird study in Sweden, 
no general difference with distance to the road could be seen (Helldin & Seiler 
2003). 
The ship channel which comes to the harbour can have similar effects on the 
seabird populations like the road which leads to the harbour. The seabird 
populations of the northern Baltic Sea are threatened by many different factors. 
Boating and other disturbances such as fishing , eutrophication, feral mink 
Neovison vison, birds of prey, weather, toxic substances and many other factors 
have been mentioned as probable reasons for poor fledgling production and 
seabird population declines (Hario et al. 1987, Hario & Uuksulainen 1993, 
Nordström et al. 2003, Hario 2004, Hario et al. 2009a, Hario & Rintala 2011, 
Skov et al. 2011, Hario & Rintala 2014). Negative effects on seabirds may extend 
in the areas as far as several kilometres away from the source of the disturbance 
(Watts & Bradshaw 1994, Kala- ja Vesitutkimus Oy et al. 1996, Rodgers & Smith 
1997, Mensing et al. 1998).Thus, it is probable that dredging, dumping and 
harbour construction may have brought about negative impacts on wetland 
birds and seabirds breeding on sites close to construction area. 
In this thesis I have used the results of the long time monitoring of local bird 
populations and studied if they possibly express the harmful effects caused by 
the human activity in the neighbouring area. I have utilised the material that has 
been collected in the different environments in the study. The changes in the 
bird populations have been studied as linear trends but also with the help of 
generalized modelling. Among others, distance to the harbour, to the ship 
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channel or to the road, and the general bird population changes in the areas of 
southern Finland and Gulf of Finland have been used as explanatory variables. 
 
Hyphotheses 
 
1. The construction of the Vuosaari harbour caused significant changes in the 
nearby bird populations and the changes deviate from the changes in the 
bird populations in a wider area. 
2. The building of the services of the harbour split habitats, and railway and 
road connections caused changes in the bird populations. 
3. The development of seabird populations was affected by the construction 
of the Vuosaari harbour and ship channel. 
4. In addition, the seabird population changes depended on the character of 
the studied islands. 
5. In addition to human activity, the small predators may have had an effect 
on the development of waterfowl populations. 
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2 MATERIALS AND METHODS 
2.1 STUDY AREA 
The study area is located in Helsinki, northeast of the Vuosaari district and 
Vuosaari harbour (N60°14.52’ E25°9.07’). The study area consists of several 
monitoring areas of bird populations near the harbour and it also includes 
breeding islets of seabirds in both sides of the new ship channel (Fig. 8).  
2.1.1 ÖSTERÄNGEN FARMLAND AREA 
In 2002, the fields of the Österängen study area were used mainly for 
cultivation; 85% of the area was open fields (spring wheat), while 15% consisted 
of forests, bushes and gardens. The area was split only by a few drainage ditches. 
The study area is surrounded mainly by forests and gardens and covers an area 
of 56.7 ha.  
The road through the field was built in 2004 and 2005, and the road was 
opened for traffic in November 2008. The road is a four-lane highway in the 
middle of the Österängen field area, and there is also a single-track railway. At 
the southeastern corner of the field, the road descends into tunnels and comes 
up near the harbour. The railway continues over the Natura 2000 area on a 
bridge. New landfills, rocky outcrops and road margins changed the open 
habitat in 2004. The overall size of the area that changed comprises 6.5 ha, or 
approximately 5% of the total area. 
2.1.2 MUSTAVUORI, KASAVUORI AND LABBACKA FOREST AREAS 
The Mustavuori forest area borders with the Mellunkylä valley and the Itäväylä 
highway in the west, Österängen field in the north and northeast and 
Porvarinlahti bay in the east. The southern border of the area runs along an 
electricity line through the forest area of northern Vuosaari. Mustavuori is rocky 
and wooded in its central parts. The forests are mainly mixed with wider grove 
areas on the fringes, where e.g. hazel bushes grow. Wooded swamp impressions 
occur in the southern part of the area and the area includes a small meadow 
strip in the Mellunmäki valley. 
Kasaberget and Labbackka subareas are rocky and more rugged than the 
Mustavuori area. The high areas of Kasaberget in particular are covered with 
open rock (more than 40% of area) and the fairly open tree stand is pine-
dominated. In these areas there are more differences in altitude compared to 
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Mustavuori. Furthermore, there are small sparsely wooded swamps in the rock 
depressions. There are small patches of mixed forest and wide areas of wind-
fellings.  
Labbacka forest area has rocky ridges and fairly large altitudinal differences. 
The undergrowth of the rocky areas is fairly scant and pine is the dominating 
tree species. Some luxuriant forest patches also occur in the dells. After 2004, 
two road tunnels and one railway tunnel were constructed under Labbacka 
subarea, and opened for traffic in November 2008. Nearly 10 000 vehicles use 
the road on weekdays and 6000 on weekends, with an additional 10 trains 
passing daily. 
The total study area of forests was 159.9 hectares. 
 
 
Fig. 8. The study area. The monitored seabird breeding islets are marked with black circles and 
reference islets with triangles. Dredging, dumping and mining areas are also shown. 
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Fig. 9. The monitored forest areas and bays. 
2.1.3 PORVARINLAHTI, BRUKSVIKEN AND TORPVIKEN WETLANDS 
The total study area of wetlands was 152.5 ha. A new railroad to the harbour 
crosses the nearest bay, Porvarinlahti (distance to harbour 300 m). The other 
two bays, Bruksviken and Torpviken, are 800 m and 1900 m further east from 
the harbour. During most winters, the area freezes and is covered with ice. In 
winter, the water levels are often high, which combined with heavy winds cause 
movement of the ice fields that may cut the beds of common reed (Phragmites 
australis). This affects possibilities of breeding in the following season by 
controlling the area of standing reed beds suitable for many breeding birds, such 
as reed-warblers (Acrocephalus sp.).  
Porvarinlahti is a narrow bay on the northern side of Vuosaari. Wide reed 
beds and a meadow area are located in the western part. The uniform reed bed 
covers half of the area. There are less than 2 ha of open water, and the turnover 
of water is limited. In the western and northern parts of the area grows a 
uniform tree stand in which deciduous trees predominate. Moist meadows are 
surrounded by stands of common alder (Alnus glutinosa). During the study 
26 
 
years, birches (Betula) spread out as far as the reed bed. The eastern part of 
Porvarinlahti Bay is less than 5 m deep. Reed beds line its narrow watercourse. 
The bay enlarges towards its mouth, and the turnover of the water increases. 
There are also other habitats in the area, such as mixed forest, cultivated fields 
and shore meadows. Several inhabited cottages and a single small boat dock are 
located in the area.  
Bruksviken is divided into three subareas of nearly equal size, consisting of 
open-water, reed beds and forest. A forested island is located in the middle of 
the area. Common alder, silver birch (Betula pendula ) and downy birch (B. 
pubescens ) are typically found in the shoreline forests. The northern part of the 
bay comprises a low-lying and moist flood meadow that is drier close to the road 
passing along the northeastern edge. The southern and western parts of 
Bruksviken are rockier.  Scots pine (Pinus sylvestris ) and Norway spruce (Picea 
abies ) stands grow  in the drier areas. 
Torpviken is a low bay with large reed beds. A small island Sillholmen lies in 
the mouth of the bay. Torpviken is gradually disappearing under the 
overgrowth; in summer it resembles a lake. The reed bed produces biomass that 
decomposes slowly and makes the bay shallower. The shore forests vary in their 
species composition. A narrow fringe of common alder and a dense Norway 
spruce forest are located at the western edge. In the northern part, near the 
manor house of Husö, there is a pasture for horses which graze in the area, 
beginning in early summer. The pasture is occasionally very moist. A luxuriant 
broad-leaved forest that gradually changes into spruce and pine forests is 
located on the eastern shore. 
The only change in wetland habitats due to harbour construction was the 
construction of a bridge over the Porvarinlahti bay. All other changes were 
natural, like reduction of water bodies because of eutrophication and the reed 
bed overgrouth. 
2.1.4 BREEDING ISLETS OF SEABIRDS 
The monitored area comprised 17 islets (Fig. 8). These islets were located 2 km 
from the new harbour area or ship channel. All except one monitored islet were 
open-access or in recreational use. In the archipelago between the communes of 
Sipoo and Espoo, the nesting success of seabirds has usually been poorer on 
open islets subject to recreational use than on islets in the conservation or 
military areas (Matti Luostarinen, personal observations). In 2004, with 
permission of the authorities, two islets, Varisluoto and Västinki, were covered 
by harbour landfills and the construction area,. Västinki, an islet with a colony of 
black-headed gulls (200 pairs), was covered with landfills after the breeding 
season, preventing breeding in subsequent years.  
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The reference area included 21 islets (Fig 8) that were selected on the basis of 
their seabird fauna, which was similar to that of the study islets. The reference 
islet were located so far from the new harbour and ship channel construction 
that we expected that the populations would be unaffected by the construction. 
Open-access and recreational use were allowed for 12 islets. Nine islets had 
restricted access: three were military areas and the remaining six were nature 
reserves. 
The islets in the archipelago differ: the inner archipelago islets are more 
luxuriant, and their shores are usually less susceptible to eroding surge. In the 
outer archipelago, the islets are more rugged. Hence, the seabird communities 
also differed along the inner/outer archipelago aspect. 
 
 
Fig. 10. Österängen farmland. Fig. 11. Road and railway crossess 
Österängen and tunnels go through Labbacka 
forest. 
 
Fig. 12. Hazel stands at Mustavuori. Fig. 13. Luxuriant vegetation at Mustavuori. 
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Fig. 14. Goshawk Accipiter gentilis nesting forest 
at Mustavuori. 
Fig. 15. Central parts of Mustavuori forest are 
rocky and dry. 
 
Fig. 16. A view to sea from the rocky top of 
Kasavuori forest. 
Fig. 17. Railway tunnel at Labbacka. 
 
Fig 18. Porvarinlahti bay before the construction 
of railway bridge. 
Fig. 19. Same area after bridge construction. 
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Fig. 20. Water lilies and reed beds at 
Porvarinlahti. 
Fig. 21. Shore meadow at Porvarinlahti. 
 
Fig. 22. Bruksviken. Fig. 23. Common alder forest at Bruksviken. 
 
Fig. 24. Torpviken. Fig. 25. Horses grazing in Torpviken shore 
meadow. 
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Fig. 26. Breeeding islet of gulls and terns. Fig. 27. The islets of outer archipelago are 
rocky. 
 
2.2 BIRD DATA 
We used standard methods in bird population monitoring and repeated the 
territory mapping each year following methods used by the Finnish Museum of 
Natural History for bird census studies in Finland (Koskimies & Väisänen 1988). 
In the Österängen field area and wetlands we estimated the number of 
territories using five separate mappings performed between late April and late 
June. In the forest areas, we estimated the number of territories using ten 
separate mappings performed between late April and late June. 
After fieldwork, we analysed the observations and estimated the number of 
territories. In the Österängen field area and wetlands we designated an area as a 
territory if a single bird or a pair was observed in approximately the same 
position in two or more mappings and at least one of these observations showed 
territorial behaviour (song, an alarm call, territory fight or a parent bird carrying 
food to a nest). In the forest areas, we designated an area as a territory if a single 
bird or a pair was observed in approximately the same position during three or 
more mappings.  
Bird populations in our study area are not independent of the surrounding 
world. Several bird populations may vary simultaneously over wide areas. We 
therefore compared the species-specific population trends in the study site that 
correlated with the corresponding population trends of the same species 
elsewhere in southern Finland (south from 61°14' N). We used the common bird 
monitoring data of Finland coordinated by the Finnish Museum of Natural 
History from the same study years 2002–2011 as collected from Vuosaari. The 
monitoring data include both point counts (an average of 14 point count routes 
annually, min – max: 12–17) and line transects (45, 17–73). Although the 
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methodology used in Vuosaari (territory mapping) is different from that used in 
national counts, the trends of both methods should be comparable. 
We only compared the trends of common bird species primarily breeding in 
forests (Laaksonen & Lehikoinen 2013) that had at least 3 pair observations 
annually both in Vuosaari and in the common bird monitoring. This produced a 
total of 23 study species. 
Österängen field area was mapped by Jarkko Santaharju, Kasavuori forest 
area was mapped by Antti Tanskanen, Labbacka forest area by Thomas Oesh (†) 
and Jorma Vickholm, northern Mustavuori forest area was mapped by Hannu 
Sarvanne and southern Mustavuori forest area by Antti Tanskanen. 
Porvarinlahti bay was mapped by Hannu Sarvanne and Jorma Vickholm, 
Bruksviken and Torpviken bays by Antti Tanskanen. Rauno Yrjölä and Matti 
Koivula mapped forest areas which remained under harbour construction. 
We estimated waterfowl reproductive success in the Porvarinlahti, 
Bruksviken and Torpviken areas. We counted the nestlings during the breeding 
season. The counts were done six to eight times between May and August from 
certain observation posts along shoreline areas, or sometimes a boat was used 
(typically in late season, when the vegetation was more luxuriant). Reproductive 
success was counted as the number of 4-week-old nestlings per breeding pair. 
The nestlings were aged, employing the criteria commonly used in Finland 
(Pirkola & Högmander 1974). Waterfowl counts were mainly done by Rauno 
Yrjölä, additional counts were done by Jarkko Santharju, Antti Tanskanen and 
Jorma Vickholm.  
The hunting bag data was collected from local hunters. Generally, the 
hunting season of small mammal predators is in autumn and early winter. So we 
assume that the number of predators killed indicate the number of predators 
present during the previous summer season. 
Matti Luostarinen performed all seabird counts during 2001–-2011. In May, 
the early breeders were counted. In June, the numbers of late breeders were 
registered, and the adult birds of these species and the young of the early-
nesting species were ringed. In late June to early July, the young of the late 
nesting species were ringed. During several survey years, bad weather 
occasionally prevented fieldwork, and some islets were visited less than three 
times during a season. Counts were taken during a 15–-30-min stay per islet; a 
longer census time would have resulted in damage to the nesting sites. In some 
locations, the terrain was so difficult that the time-consuming nest censuses 
were not done so as to minimize disturbance; in these cases, we quickly 
performed a rough population estimate, based on the number of adult birds in 
the vicinity of the breeding colonies. On the breeding islets of the endangered 
Caspian tern Hydroprogne caspia, the counts were performed with special care 
and rapidity. 
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2.3 STATISTICAL ANALYSES 
2.3.1 FARMLAND STUDY (PAPER I) 
In the Österängen farmland area, the null hypothesis of the study was that 
construction of the road would cause no significant changes in breeding bird 
populations of the study area. We tested the significance of population changes 
with the Mann-Kendall test, using Systat 12 statistical software (Systat Software 
Inc., San Jose, CA, USA). The independent variable was the year and the 
dependent variable the number of territories (or pairs). We calculated the trends 
for three separate time periods: the entire study period (2002-2011), years 
around the road construction period (2002-2008) and the post-construction 
period (2006-2011) when the road was in use. The test for the entire study 
period is in response to the original task of the Vuosaari EIA, i.e. to determine 
whether or not bird populations changed. The test for only the first six years 
show changes during construction, and the test for the last years indicates the 
impact of road use or habitat succession. 
The change in the distribution of the midpoints of territories with regard to 
the roadway was studied by measuring the distance between the territories to 
the midpoint of the roadway. The midpoint of a territory was estimated from all 
species observations on field maps recorded by an observer. The distances were 
calculated from Geographic Information System (GIS) data, using MapInfo 
software (MapInfo (now Pitney Bowes Software), Stamford, CT, USA). The 
difference in the distance distributions of the territory midpoints before and 
after road construction was tested with the Mann-Whitney U-test. This was 
done only for northern lapwing, Eurasian skylark and meadow pipit Anthus 
pratensis, which were the only species breeding in the open spring wheat field at 
the beginning of the study. Other species lived in the gardens or forests and 
bushes at the edge of the study area. 
Species diversity was estimated with the rarefaction method, using the 
EcoSim 700 program (Acquired Intelligence Inc., Victoria, British Columbia, 
Canada) (Gotelli & Entsminger 2005). Year 2002 was set as the base year, and 
the change was interpreted as significant if the rarefaction average of a year 
moved beyond the 95% confidence limits for the year 2002. Rarefaction enables 
comparison of samples of different total sizes. 
2.3.2 FOREST BIRD STUDY (PAPER II) 
We calculated the population trends for each species using the TRIM 
programme (Pannekoek & van Strien 2001). It accounts for overdispersion and 
serial correlation, and interpolates missing observations using a Poisson general 
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log-linear model. TRIM produces annual growth rates as well as annual 
abundance indices. In this study we only used general trends (annual additive 
growth rates). Although no observation gaps were found in the Vuosaari data, 
we also calculated the trends for this area using the same programme, which 
makes it easier to compare the growth rates between Vuosaari harbour area and 
southern Finland. 
We first tested whether the species-specific growth rates in Vuosaari were 
explained by the corresponding growth rates based on data from southern 
Finland using linear regression. Using t-tests we next tested whether the 
species-specific growth rates differed between these two areas.  
We also compared local population trends inside the Natura 2000 site by 
comparing the population trends of the subarea situated closest to the 
construction area (Labbacka) with the combined trends of the other three 
subareas (Kasavuori, Mustavuori N and S). We compared the trends of all forest 
bird species observed in both areas using a linear mixed effect model where 
annual species-specific log-transformed (log(N+1)) population size is the 
dependent variable, the year, site and their interaction are the explanatory 
variables and the species is a random factor. The analyses included a total of 36 
species. 
2.3.3 WETLAND STUDY (PAPER III) 
We assumed that the impacts would be highest on birds breeding nearest the 
harbour, in Porvarinlahti Bay. The null hypothesis of the study was that 
construction of the harbour and its road connections would cause no changes in 
the breeding bird populations of the study area and that no differences would be 
seen between bird populations in Porvarinlahti and the other areas.  
We calculated population trends for each species using TRIM. We used bay 
identity as a covariate to determine whether the population trends were 
different between groups (Porvarinlahti group 1, other areas group 2). TRIM’s 
Wald-test was used to analyse whether the groups had different population 
trends. 
The hunting bag and waterfowl correlations were tested using Systat 12 
statistical software (Systat Software Inc., San Jose, CA, USA). 
2.3.4 SEABIRD STUDY (PAPER IV) 
To estimate the differences in species-specific population trends by 
monitoring/reference and open-access/restricted areas, each species having a 
total number of more than 30 pairs was analysed with generalized additive 
mixed models (GAMMs), primarily for denoting the smooth term (Wood 2004, 
34 
 
Zuur et al. 2009) of the trends by the spatial treatment (i.e. the trends between 
the monitored and reference islets) and  generalized linear mixed models 
(GLMMs) for revealing the interactions of the year-effect and the spatial 
treatment and island type (i.e. open-access vs. restricted-access). The islet or 
island identification code was set as a random effect, and the first-order residual 
temporal autocorrelation structure was controlled in all models. The GAMMs 
were performed, using the function gamm of library mgcv (mixed GAM 
(generalized additive model) computation vehicle) and the GLMMs with the 
function glmmPQL (glmm Program Query Language) of library MASS (Modern 
Applied Statistics with S) (Venables & Ripley 2002) in R vers. 3.1.2 (R Core 
Team 2014). Passerine species were not tested, because on many islets the 
population data of these species were only of the present/absent type. The black 
guillemot bred only on the reference islets. 
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3 RESULTS 
3.1 RESULTS OF PAPER I 
This paper presents the results of the road construction study. During 
2002-2011, 43 species were observed in the study area. The annual number of 
territories varied from 48 to 97 and the number of species from 21 to 25. No 
clear trend emerged in the yearly number of species. The annual number of 
near-threatened or threatened species was 1 or 2 before construction, and 4-9 
after construction, but again no clear trend emerged. 
The number of territories almost doubled after construction of the harbour 
road (Fig. 2 in Paper I). Only the great tit and Eurasian blue tit, which breeds in 
gardens and forests around fields, diminished statistically significantly 
throughout the study period. Species that increased included the tree pipit 
Anthus trivialis, northern lapwing and meadow pipit. At the beginning of the 
study, the Eurasian skylark increased significantly. At the end of the study 
period, the numbers of barn swallow Hirundo rustica and great tit, and the total 
number of all territories decreased. The level of species diversity throughout the 
study period was quite equal to that at the beginning of the study in 2002. 
Several years lie under the 95% confidence limit for the year 2002, but the trend 
is uncertain and interannual variation is present (Fig 4 in Paper I). 
The average distance of territories of all bird species from the roadway 
changed during the study period, showing a general decrease (p = 0.001). The 
average distance of Eurasian skylark territories from the road remained the 
same while the average distance of northern lapwing territories increased only 
slightly. Both species breed in open fields, and it was expected that they would 
shift territories further away from the road. Territories of species like meadow 
pipit, northern wheatear Oenanthe oenanthe, white wagtail Motacilla alba and 
common linnet Carduelis cannabina were clearly concentrated along the 
roadside after road construction. See the map of meadow pipit territories as an 
example (Fig. 6 in Paper I). 
3.2 RESULTS OF PAPER II 
This paper investigates the possible correlation of forest bird population 
changes to forest bird populations in southern Finland, and the possible impact 
of tunnel cosntruction on forest birds in Vuosaari. During 2002-2011, 64 species 
were observed in forest areas as possibly breeding species. The annual number 
of territories varied from 473 to 573 and the number of species from 41 to 49.  
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The population trends of 23 forest bird species in Vuosaari were significantly 
connected with the species’ population growth rates in southern Finland during 
2002–2011, but it is important to note that the regression slope did not differ 
from 1 (F1,21 = 11.9, b = 1.09 ± 0.31, P = 0.024). Although the population trends 
in southern Finland (mean growth rate +0.4%/year) were on average more 
positive than in Vuosaari (-0.3%/year), this difference was not significant. 
Furthermore, no general trend was observed in the populations of 36 forest 
species present in Vuosaari (table 2 in paper II).  
A simple cross tabulation of forest bird species population trendsshows that 
most of the trends correlate between areas (Table 2). There are six species with 
opposite trends, but all the others species, except great tit, where not significant. 
The great tit significantly decreased in Vuosaari, but increased in Southern 
Finland. This can be a random result. 
 
Table 2. A simple cross tabulation of forest bird species population trends. 
Vuosaari Southern Finland 
 decreaced species increased species 
decreaced species 7 4 
increased species 2 10 
 
The average population sizes were smaller in the subareas closest to disturbance 
caused by tunnel construction (Labbacka) than in the rest of the subareas inside 
the Natura 2000 area during the whole period (effect of site: t = -9.76, df = 681, 
P < 0.001). That was due to the larger spatial area of the latter, but no difference 
was observed in the population trends between these two areas (interaction 
between year and subarea: t = -0.30, df = 681, b = -0.0016 ± 0.0054, P = 0.77). 
3.3 RESULTS OF PAPER III 
This paper presents the population changes of wetland bird species and the 
reproductive success of some waterfowl species near the Vuosaari harbour and 
discusses the possible reasons behind the observed changes.  During the study, 
we observed 20 wetland species with sufficient data for analyses. Wetland 
species are a difficult target group for censuses due to their variable territorial 
behaviour and habitat or site changes during parental care. 
In general, the number of species territories differed between the subareas. 
There were also significant differences between the population trends of species 
in the various subareas (Fig. 2 paper III).  
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Some species increased in number during the study. The common or 
Eurasian teal Anas crecca, great crested grebe and tufted duck increased in 
Porvarinlahti. There were more common coots in Bruksviken and Torpviken 
than in Porvarinlahti, but the number in Porvarinlahti and Torpviken increased 
(Fig. 2 in paper III).   
Several species decreased during the study years. The common redshank 
decreased in Torpviken, Eurasian reed-warbler Acrocephalus scirpaceus in 
Bruksviken and reed bunting Emberiza schoeniclus in Porvarinlahti. There were 
more great crested grebes in Bruksviken than in the other areas, but the number 
of pairs decreased. The mute swan Cygnus olor decreased during the 
monitoring years in Porvarinlahti, but the number of pairs was very low (Fig. 2 
in paper III). 
The reproductive success of waterfowl species was low. Only a few species 
(mallard Anas platyrhynchos, great crested grebe and common goldeneye 
Bucephala clangula) managed to raise appreciable numbers of 4-week-old 
nestlings. One possible reason for low reproduction is predation. Raccoon dogs 
Nyctereutes procyonoides were the most numerous small predators in the area, 
but American mink and red fox Vulpes vulpes may also be important predators 
of nesting waterfowl species. There was a negative relationship between the 
number of annually hunted medium-sized predators and the production of 
ducklings (Fig. 4c in paper III). This result is explained by the fact that the 
hunting season begins after the ducks have bred. 
3.4 RESULTS OF PAPER IV 
This paper investigates the possible impact of the construction of the new ship 
channel on seabird populations. The possible effects on the seabird populations 
were investigated in two areas. One area included islets within two kilometers 
from the harbor and ship channel. Another area included islets at a larger 
distance than two kilometers. The birds in the former area were considered to be 
at risk of disturbance and we call this area the risk area. We assumed that two 
kilometers was sufficient to exclude disturbance and this area is our reference 
area. 
During 2001–-2011, 28 seabird species were observed breeding on the risk 
islets, and the annual total number of pairs varied from 980 to 1196. For the 
reference islets, the corresponding numbers were 32 species and pair numbers 
varying from 1090 to 1615.  
Species-specific models revealed several significant parameter effects on the 
overall trends and deviations in the trends between the risk and reference areas, 
as well as inter-area variation in islet-specific pair densities (Table 1, Fig 2 in 
paper IV). The trend of the ruddy turnstone was somewhat more negative in the 
38 
 
risk area than in the reference area, as was the trend of the great black-backed 
gull.   
The number of mute swan pairs decreased over the years, showing lower 
densities on the reference islets. The Canada goose numbers increased 
significantly on the reference islets, but not on the risk islets. The numbers of 
barnacle goose increased slightly faster on the reference than on the risk islets.  
The mallard declined significantly on both the risk and reference islets, 
showing significantly higher pair densities on the reference islets. The tufted 
duck declined significantly, particularly on the reference islets. The numbers of 
the common eider showed exponential increases on both the reference and risk 
islets during recent years.  
The Eurasian oystercatcher Haematopus ostralegus showed general 
increases on both the risk and reference islets. The numbers of common 
redshank decreased slightly, particularly on the risk islets at the beginning of the 
study period. The common ringed plover Charadrius hiaticula densities were 
generally higher on the reference than on the risk islets. In the risk area, the 
densities were generally highest on the restricted islets. However, in the 
reference area, the densities were lowest but temporally increased most quickly 
on the restricted islets. 
Our monitoring data revealed the most substantial changes in numbers for 
highly colonial species such as the gulls. The European herring gull population 
showed a general decline, with the highest densities on the restricted-access 
islets. The lesser black-backed gull increased significantly on the risk islets, 
while the common gull increased, particularly on the reference islets, but also in 
the risk area. At the beginning of the study period, the black-headed gull was 
more numerous on the risk islets than on the reference islets. However, during 
and after the harbour construction, the numbers of pairs increased significantly 
in the reference area. 
The numbers of the common tern and arctic tern fluctuated substantially 
during the study period, but the modelling indicated no clear associations with 
the environmental change. The nonlinear model suggested a population 
decrease in the reference islets. 
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4 DISCUSSION 
4.1 THE IMPACTS OF URBAN LAND USE 
Presently more than 50% of the human population lives in urban areas. 
Urbanization has already caused and will cause further changes in e.g. bird 
populations (Jokimäki & Suhonen 1993, McKinney 2008, Rottenborn 1999, 
Garaffa et al. 2009). Rapid urbanization and other human activities usually 
affect species negatively, but moderate disturbance can also increase biotic 
diversity  (Jokimäki & Suhonen 1993, McKinney 2008). However, the effects of 
moderate levels of urbanization (i.e., suburban areas) vary significantly among 
groups, for example most of the plant studies (about 65%) indicate increasing 
species richness with moderate urbanization, but most invertebrate and 
vertebrate animal studies indicate decreasing species richness (McKinney 
2008). In some cases population densities may be over 30% higher in urban 
environments compared with rural environments, and densities may reflect the 
timing of urbanization: the earlier urbanization has happened, the higher 
densities are now (Møller et al. 2012). 
4.2 THE IMPACTS OF ROADS 
In agricultural grasslands in the Netherlands, 7 out of 12 species that could be 
analysed showed reduced densities adjacent to a road (Reijnen et al. 1996). The 
results of many studies have suggested that traffic noise is the main negative 
effect causing population decrease near roads (Reijnen & Foppen 1994, Parris & 
Schneider 2008), but in fact traffic mortality may be the prevailing factor 
(Summers et al. 2011). 
Paper I of this thesis presents a synthesis on the impacts of road construction 
on local farmland birds. The construction of the road did not significantly 
reduce bird populations of the Österängen field area. In fact, the observations 
suggest that the new environment along the roadside provided an advantage to 
some bird species, and the population of several species increased significantly 
near the new road. 
In comparison with other areas, it is important to remember that road 
density and the volume of traffic in central Europe are considerably higher than 
in Finland (Nicodéme et al. 2013). In studies in the Netherlands, tens of 
thousands of vehicles per day were running on the motorways (Reijnen & 
Foppen 1994), compared with less than 10 000 vehicles (and 10 trains) on 
40 
 
weekdays and 6000 vehicles on weekend days on the new Vuosaari harbour 
road and railway.  
According to the results, the construction of the harbour road did not 
significantly reduce the bird populations of the area, and no general negative 
trend was found. In contrast, the number of territories of some species increased 
immediately after the construction of the road. The average distance from the 
road of the territories of all species did not increase as expected, but instead 
decreased. Closer examination of the Eurasian skylark and northern lapwing 
revealed that the number of pairs increased and no clear change occurred in the 
distribution of territories. 
The observations suggest that the new environment along the roadside 
provided an advantage to some birds, in contrast to the possible negative 
impacts caused by the road and traffic. A closer look at the territory maps of 
some species revealed that the most significant change was that territories 
concentrated along the roadway area, resulting in changes in bird populations. 
The new environment increased bird populations near the road, at least 
momentarily. Generally, roadside vegetation has a strong influence on animal 
species composition and on the width of the road-effect zone (Reijnen et al. 
1996, Forman & Alexander 1998). This does not suggest that there are no 
negative impacts, but the advantage is clear when the numbers of territories are 
examined. Previously, the field area was intensively cultivated and did not offer 
a suitable nesting habitat for species utilizing the broad margins of the new road 
area. 
4.3 SOME SPECIES BENEFIT FROM MAN MADE 
HABITATS 
Some species, such as the northern wheatear, white wagtail, meadow pipit and 
common linnet, may have benefited from the construction, which formed new 
margins and roadside habitats (Paper I). For example, all territories of the 
vulnerable northern wheatear were located at the margins of the new road area. 
The northern wheatear clearly benefited from the quantities of stones brought to 
the area and landfills. A new habitat may attract individuals, but their mortality 
near a road may be higher or their breeding success lower than in more natural 
habitats, as in the pied flycatcher study in Finland (Kuitunen et al. 2003). In a 
study in the Netherlands, willow warbler males that did not succeed in breeding 
near a highway moved more frequently and farther away than successful males 
(Foppen & Reijnen 1994). If there are surplus individuals nearby, they can 
occupy abandoned territories. 
Although the results suggest that construction of the road did not affect the 
bird populations negatively, whether there were negative impacts at the 
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individual level remains unclear. It is not known how many individuals died in 
collisions with vehicles or whether they moved elsewhere and new individuals 
took over their territories. When populations increase, poor-quality territories 
may also be occupied.  
4.4 SYNCHRONY OF POPULATION CHANGES OVER A 
WIDER AREA 
Paper II of this thesis compared the forest bird population changes with bird 
population changes in southern Finland and assessed the possible impact of the 
new tunnel through forest area. Forest bird species populations in the Vuosaari 
study area seem to fluctuate in synchrony with populations of southern Finland 
(Table 2, Paper II), which may indicate that in this case population changes in a 
wider area are more important than impacts of a nearby harbour construction. 
Previous nation-wide studies have shown that long-distance tropical 
migrants, northern species and species living in agricultural environments have 
declined in Finland. These changes are likely linked with changing conditions in 
the non-breeding sites (long-distance migrants), rising temperature (northern 
species) and changes in farmland land use (Virkkala & Rajasärkkä 2011, Tiainen 
et al. 2012, Laaksonen & Lehikoinen 2013, Väisänen & Lehikoinen 2013).  
The distribution of many Finnish bird species has moved towards the north, 
likely due to rising temperature, (Virkkala & Lehikoinen 2014). Present findings 
support the idea that local population dynamics are not independent of large-
scale population dynamics in the surrounding areas, and factors such as climate 
and large-scale human land use changes are also important population drivers.   
Furthermore, the results were unable to show that the building of Vuosaari 
harbour and traffic lanes caused significant population decreases in the Natura 
2000 site. On the other hand, the harbour construction may have had a negative 
impact on local forest bird populations. Outside the Natura 2000 site 50 
hectares of forest was clear-cut for constructing the harbour.Based on the 
average densities of forest birds in southern Finland, this meant the habitat loss 
of at least a few hundred bird territories. Compared with the yearly clear-cut 
area of the whole Uusimaa province (more than 18000 hectares), the proportion 
of impact area is 0.27%.  
There are several explanations why there were no significant changes in the 
trends between the Natura 2000 site and southern Finland in general. It is 
possible that the common forest birds in the boreal zone are rather tolerant of 
medium-level disturbance such as road traffic noise. The fact that the study site 
is currently already situated rather close to the urban areas of Helsinki could 
have modified the bird community composition in the Natura 2000 site towards 
more disturbance-tolerant species. It should also be kept in mind that all the 
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study species are common forest birds, and scarce and perhaps more 
disturbance-sensitive species were not considered due to data limitations. In 
this case, the control data is collected from a much larger area (southern 
Finland) and species composition may be different, leading to increasing 
variance which may weaken the possibilities to find differences. The cencus 
methods were different too. 
The present results indicate that the impact of the construction work on the 
harbour had only a limited impact on the population trends of common birds in 
the Natura 2000 site and other, more general factors such as the climate and 
changes in the non-breeding grounds were likely a more important driver of 
local bird dynamics. It is possible to argue that since a negative impact was not 
detected the preparation process and design of the construction work of the 
harbour had been conducted well enough to maintain the biodiversity values of 
the nearby Natura 2000 site.  
4.5 POPULATION CHANGES AND REPRODUCTION OF 
WETLAND BIRDS 
Paper III of this thesis compared the population trends of wetland bird species 
at three different bays, and waterfowl reproductive success in the same area. We 
observed only a few clear changes in wetland bird populations. Despite the 
harbour and other construction works nearby, most of the breeding bird species 
populations have remained at similar levels during recent decades as they were 
before. Among the species that have increased are those that prefer more 
eutrophicated wetlands, such as the common coot, great crested grebe and 
tufted duck.  
The reasons behind these changes may be local, but many wetland birds are 
declining in Finland. The common redshank, Eurasian reed-warbler and reed 
bunting are all species that have declined in the Vuosaari study area, as well as 
over wider areas of Finland. The common coot, great crested grebe and tufted 
duck have increased in Vuosaari, but decreased elsewhere in Finland 
(Lehikoinen et al. 2013b). In Vuosaari, reed beds are still increasing in size and 
meadows and open bodies of water are disappearing. This type of eutrophic 
wetland habitat is crucial for these three species. 
Some of the declining species are waders that breed in open seashore 
meadows. The negative population trends of such species may have been due to 
the change in vegetation. The native meadow plant species are disappearing, 
and species that tolerate eutrophication are increasing (von Numers & 
Korvenpää 2007). Bushes and reed beds are converting shore meadows into 
terrain less suitable for waders, which may be why the common redshank has 
decreased along the coasts of Finland (Hario & Rintala 2014).  
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Other factors behind the population changes may include varying migration 
strategies of species, weather conditions and pure coincidence. Some waterfowl 
species tend to overwinter in more northern areas than they used to do. The 
numbers of tufted ducks, common goldeneyes and goosander Mergus 
merganser overwintering in Finland are much higher now than in previous 
decades (Lehikoinen et al. 2013a). The northern overwintering areas are close to 
the breeding areas, but this implies the risk that during some winters there may 
be higher overwintering mortality. 
The reproductive success of all waterfowl species was very poor. When local 
hunters hunt small mammalian predators mainly in autumn and early winter, 
the number of predators killed indicates the number of predators which were 
present during waterfowl breeding season. 
The total number of waterfowl nestlings and the hunting bag of small 
mammal predators negatively were correlated. Waterfowl nesting success 
decreased with an increase in the hunting bag. However, the removal of 
predators slightly increased the population size in the following year. If the 
reproductive success of these waterfowl species is often as poor as our results 
suggest, the populations can remain stable only if new recruits come from 
outside the study area.  The study area near Vuosaari Harbour may be a sink 
area, with new individuals arriving there from other areas. 
This phenomenon needs further study, but it is clear that small mammal 
predators must be removed from the Natura 2000 area to maintain favourable 
population levels of waterfowl species. 
4.6 THE WINNERS AND LOSERS OF ARCHIPELAGO 
BIRDS 
Paper IV of this thesis compared the population trends of seabirds breeding 
near harbour or ship channel (monitored islands) to the population trend of 
seabird breeding further away (reference islets). The Vuosaari Harbour and ship 
channel construction represent one aspect of the urbanization process in the 
City of Helsinki, which has been intensifying and expanding during recent 
decades. 
Despite human activities, the populations of some seabird species have quite 
uniform trends over wide coastal areas of Finland. In the Vuosaari study area 
mallard and tufted duck declined during the study years. During the same 
period (1986—2013) the tufted duck decreased moderately in Finland (Hario & 
Rintala 2014). The mallard has increased slightly in inland lake areas 
(Lehikoinen et al. 2013b, Pöysä et al. 2013), but in the archipelago the species 
has apparently shown no general population trends. The Canada goose and 
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particularly the barnacle goose have increased along the coastal Gulf of Finland 
(Hario & Rintala 2014).  
The barnacle goose population increased strongly in the study area, and the 
species has adapted very well breeding in the City of Helsinki. Barnacle geese 
breed in the archipelago, but use fields, golf courses or even city parks as feeding 
areas during summer and autumn. The first pair bred in Helsinki in 1989, and in 
2009 the population was estimated at 900 breeding pairs and more than 8000 
staging individuals in the autumn (Väänänen et al. 2010).  
The populations of the great black-backed gull and the European herring gull 
have decreased in our study area, at the same time the mew gull, lesser black-
backed gull and black-headed gull have increased. This may have resulted from 
the presence of fewer predatory European herring gull and great black-backed 
gull individuals. Construction of the Vuosaari Harbour and landfills on the 
Varisluoto and Västinki islets during 2003–2004 reduced the number of 
common black-headed gulls. However, when all the islets were examined, the 
total pair numbers of common black-headed gulls returned to the levels 
observed in the early 2000s, i.e. more than 250 pairs. Nationwide, the common 
black-headed gull declined in the early 2000s, but later its population began to 
increase again (Hario and Rintala 2014).  
During the study years common redshank population decreased, both on the 
monitored and reference islets. Only the common ringed plover population 
increased slightly, especially on the restricted-reference islets. The Archipelago 
Bird Census revealed that the common ringed plover has moderately increased 
and the ruddy turnstone and common redshank have moderately decreased in 
the coastal areas of Finland during 1986-2013 (Hario & Rintala 2014). 
Many seabirds live long and they are faithful to their breeding sites. 
Especially long-living gulls and terns may be observed breeding at the same 
island year after year, but their reproduction may be low. This low reproduction 
may go unobserved in the data, and decreasing populations may be seen after a 
delay of several years. 
In addition to natural reasons (predators, species competition etc.), the 
changes of seabird populations can also be caused by human impact (Paper IV). 
Boating and other disturbances such as fishing, toxic substances and 
eutrophication have been mentioned as the probable causes of poor fledgling 
production and seabird population declines (Hario et al. 1987, Hildén & Hario 
1993, Hario & Uuksulainen 1993, Nordström et al. 2003, Hario 2004, Skov et al. 
2011, Hario & Rintala 2011, Hario & Rintala 2014).  
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4.7 ISLAND TYPE MATTERS 
The type of island has some importance for the bird population changes. Nesting 
archipelago birds are more often disturbed on open-access islets than in 
restricted-access conservation or military areas (Matti Luostarinen, personal 
observations). The population of the common ringed plover was increasing on 
restricted access islets in the reference area, where disturbance is lowest. Also 
the density of the European herring gull population was highest there. The 
trends of ruddy turnstone and great black-backed gull populations were 
somewhat more negative in the monitored than in the reference areas. This may 
have been a random result, or these species may be more sensitive to human 
disturbance than others. Most species showed no difference between trends in 
the monitored and reference islets. Other studies have shown that in Finland 
more common eiders breed in protected areas than would otherwise be expected 
considering the total extent of these areas (Kilpi 1997).  
4.8 HYPHOTHESES REVISITED 
Hypothesis 1 - that the construction of the Vuosaari harbour would cause 
significant changes in the nearby bird populations and the changes would 
deviate from the changes in the bird populations in a wider area – was not 
supported by this study. There were some negative changes in bird populations, 
but in many cases population changes were connected with population changes 
over a wider area. 
Hyphothesis 2 – that the building of the services of the harbour would split 
habitats, and railway and road connections would cause changes in the bird 
populations – was supported by this study. But as the example from Österängen 
field area showed, some of the changes were positive, because the construction 
of the road provided a new habitat, which was suitable for many species. 
Populations of those species clearly increased near the road. 
Hyphothesis 3 – that the development of seabird populations would be 
affected by the construction of the Vuosaari harbour and ship channel – was 
partly supported by this study. Harbour construction destroyed two breeding 
islands, and that affected especially the common black-headed gull population. 
Covering the islet with land masses was a planned action which had a 
permission of the environmental authorities.  
Hyphothesis 4 – that the seabird population changes would depend on the 
characters of the island – was supported by this study. It seems that the island 
type had more effect on population changes than the distance to the harbour. 
Populations of many species were stable or increased on restricted access 
islands, whereas the populations on open access island were more vulnerable. 
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Hyphothesis 5 – that in addition to the human activity, small predators 
would have a negative effect on the development of waterfowl populations – was 
weakly supported by this study. There was a negative correlation between 
production of waterfowl nestlings and the number of predators, but there was 
no evidence for another factor behind both variables. 
4.9 CONCLUSIONS 
Population changes can be caused by a wide variety of impacts of urbanization 
and many other factors (rising temperature, species competition etc.) . Some of 
the impacts are negative, some positive. Sometimes positive impacts may 
prevent us seeing the negative ones, as the example of roadside vegetation for 
birds showed. How can we measure cumulative impacts on a changing 
environment?  
The Vuosaari harbour construction project and the estimation of its impacts 
on nature clearly showed the difficulty of assessing the severity of impacts, and 
how many different factors there may be operating. Even though clear negative 
effects caused by the construction of the harbour could not be perceived, it does 
not mean that there would not have been any.  
Why the clear negative impacts near the harbour difficult to demonstrate? 
There are several possibilities: 
? There were no negative impacts. 
? There were not any, because the mitigation measures were so 
effective. 
? There were not any, because species were already used to human 
impact. Data of other species was too sparse. 
? There were negative effects, but because of the monitoring method 
used it was not possible to discern them. 
? There were negative effects, but immigration of new birds to the area 
prevented seeing the negative impacts.  
 
Examining only the number of pairs does not necessarily enable estimation of 
direct individual impacts. When populations increase, poor-quality areas may 
also be occupied, often by young and unexperienced individuals. This can 
prevent the determination of the real effects of construction.  
The poor breeding success may have been masked by individuals that 
originated from other areas. It could be more precise to follow nesting success of 
individuals with different distances from the source of disturbance. That could 
give more accurate results than the monitoring of variation of populations. In 
the future, we need to develop better monitoring methods to monitor population 
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changes, but also individual reproduction and survival rates of nearby breeding 
birds during large construction projects. 
Summing up, large scale construction projects are so rare in Finland, that 
probably we do not yet have enough experience to use right assessment and 
monitoring methods for studying possible negative impacts. In the future, the 
only way to do better EIA assessments and studies is to learn from literature and 
from different projects how to make such study designs, which reliably show the 
factors behind negative impacts and the scale of impacts. Instead of monitoring 
populations, a more detailed study of individuals and the use of experimental 
design could be better. This sets challenges to authorities and the environmental 
impact assessment to develop new and more exact methods. “In order to 
prevent the unfavorable effects of urbanization on nature, and to ensure 
sustainable development of urban areas, ecological information and knowledge 
have to be taken more seriously into consideration in urban planning” (Niemelä 
1999, Yli-Pelkonen & Niemelä 2005). 
 
Figure 28. Possible support for future environmental impact assessments was unclear. 
This monitoring project has shown how difficult it is to estimate possible 
negative impacts caused by a single construction project. Before the project 
started, biologists said that severe negative impacts are possible, and according 
to the so called precautionary principle the construction of Vuosaari harbour 
should not be allowed. Monitoring lasted ten years, and there were no clear 
significant negative impacts to be seen caused by construction. However, 
reviewers of the manuscripts which form this thesis have pointed out that we 
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only have studied one harbour and the number of territories of most species was 
comparatively small, especially the number of Birds Directive species. One of the 
main targets of the original monitoring idea was to answer what happens to 
those protected species with small populations. Question remains, are these 
kinds of long lasting monitoring programs really useful, or are they just waste of 
time and money? 
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